Introduction
Inappropriate use of drugs is a common cause of health care contacts, and systematic reviews show that adverse drug reactions (ADR) are the cause of 5% (0.2-41%) of admissions to hospital [1] [2] [3] . Further, ADR are the 4th-6th most common cause of death in American hospitals [1] , and the majority of them can be avoided [1, 3] . In the elderly as much as 90% of ADR can be avoided. Swedish studies show similar results [4] [5] [6] . These problems do not only occur in outpatients. Reviews show that 1-24% of all patients acquire ADR during their hospital stay [1] . Using drugs in an inappropriate way is also expensive, and for every dollar spent on drugs in American nursing homes, it costs 1.33 dollars to take measures against problems directly related to drug use [7] . Drugs are important in the treatment of elderly patients, and in Swedish nursing homes patients have been reported to use on average 8.8 drugs [8] . An American study on elderly inpatients showed that 42% of the patients were prescribed at least one drug without valid indication and that 47% of the patients were prescribed drugs with inappropriate duration [9] . Studies have also shown a relationship between the number of drugs prescribed and inappropriate drug use [9, 10] . As the number of elderly is increasing and therefore also the drug use, inappropriate drug use will probably be a growing problem.
In order to measure prescribing appropriateness, Medication Appropriateness Index (MAI) was developed in 1992 [11, 12] . This is an instrument that combines implicit and explicit criteria when determining a drug's appropriateness to an individual [11] . It consists of 10 dimensions: indication, effectiveness, dosage, correct directions, practical directions, drug-drug interactions, drug-disease interactions, duplication, duration and expense; and it has been validated for evaluating drug therapy in the elderly [12] . A weighing scheme has been developed where each drug can receive a score from 0 (no inappropriate ratings) to 18 (only inappropriate ratings) [12] . A patient MAI-score can then be determined by summing the MAI-medication scores for all the patient's medications [13] . MAI has been proved, by tests of inter-rater agreement, to be a reliable method in evaluating drug therapy appropriateness [11, 14] .
To optimize the drug treatment for an individual, a systematic approach is necessary. In Northern Ireland, an integrated medicine management (IMM) service has been developed, which involves pharmaceutical care at admission, during the hospital stay and at discharge [15] . A randomized study showed that patients receiving the IMM service had a significantly shorter length of hospital stay, decreased rate of readmission over a 12-month follow-up period and an increased time to readmission [15] . Our research group has earlier put together and developed systematic and validated instruments for use in pharmaceutical care practice including medication reconciliation at admission and discharge. A medication interview scheme has been put together, using validated instruments, to assess the correctness of the medication list at admission, the patient's knowledge about the drug treatment, the patient's attitudes towards disease and drug treatment {believes about medication questionnaire, specific BMQ [16] and patient compliance (Morisky 4-item scale) [17] }. To individualize and monitor a patient's drug treatment during hospital stay, a model containing checklists for the pharmacist and for the care team has been developed and used at Lund University hospital. Patients' knowledge of their drug treatment is incomplete. To improve this, drug information leaflets containing information on the drug with a possibility to clearly determine the patient goal with the treatment have been developed. Finally, a medication report at discharge has been constructed in order to provide the patient and the general practitioner with information on changes in the patient's drug therapy [18] .
After taking part of the model produced in Lund, the department of internal medicine at Landskrona hospital, in the southern Sweden, was interested in introducing clinical pharmacy services as a support to the medical team in order to improve the quality of drug treatment. A condition for introducing the clinical pharmacy services was to scientifically evaluate the model and after receiving financial support the project started in September 2005. In this study we have evaluated if an IMM in the elderly can lead to a more appropriate drug use according to MAI.
Methods

Study design
This is a prospective study and the intervention group was compared with a control group where patients were included at the same wards prior to the intervention period. In the control group, 25 patients were included from mid-November 2005 until mid-January 2006, and 28 patients were included in the intervention group from 1 March 2006 to mid-May 2006. Patients were included continuously and systematically during the study periods.
The evaluation of the ethics committee at Lund University was that no formal approval was necessary.
Size of study population and calculation of power
In a study at a geriatric outpatient clinic (n = 25) in USA with similar interventions, the mean (SD, standard deviation) MAI-score per person was reduced from 11.1 (5.9) to 3.6 (2.8) (P < 0.0001) [19] . Student's t-test gives that an improvement from 11.1 to 3.6 and with a SD of 5.9; 11 patients per group were needed. Based on this power calculation, the minimum difference in MAI-scores that could be detected was a difference of 7.5. We believed that smaller differences also were valuable for the patients. Therefore by including at least 25 patients in each group we were able to detect differences in MAI-scores from 4.8 and more. As Lam et al. presented their results as median and SD we were bound to use t-test in the power calculation even though we would have preferred Wilcoxon.
Setting and study population
The study was performed at the department of internal medicine at Landskrona hospital in southern Sweden. The clinic comprises three wards with 61 beds in total.
Patients 65 years or older, admitted to the medical clinic, were eligible for inclusion. The pharmacist gave the patients oral and written information about the project, and at acceptance the patient was asked to give written consent to participate in the study. When it was not possible to communicate with the patient, a next of kin was asked instead. Patients in terminal stage of their disease were excluded for ethical reasons. Because of practical reasons, it was not possible to include all patients. Therefore the selection of patients was done by a specific scheme. For both the control group and the intervention group, inclusion to measure MAI-scores was stopped when, at minimum, the first 25 patients had been included. The pharmacist had no prior knowledge of the patients' medical history at the time of inclusion.
Interventions
During the intervention period the pharmacists took part in the daily work at the three wards and performed interventions during the patients' hospital stay as described below:
• Patient interview.
• Check of symptoms.
• Patient medication review checklist.
• Systematic medication care plan.
• Drug information leaflets.
• Evaluation of the medication report.
The interview was performed systematically at admission and helped identify the correct medication list, problems with compliance, knowledge and attitudes to the drug therapy. As an instrument to detect possible ADR and/or need for new drug therapy, the patients' symptoms were checked at admission. The medication review checklist was used systematically to evaluate the patient's drug treatment and detect drug-related problems (DRPs) (DRPs according to Cipolle, Strand, and Morely [20] ), and a systematic medication care plan was created in which DRPs and changes in drug therapy were noted. The care plan was updated continuously and was decided on by the team.
The DRPs identified by the pharmacist were put forward to the care team and discussed. The pharmacist's advice on drug treatment was noted as well as the response from the physician. If the patient started on a new drug treatment during the hospital stay, drug information leaflets were provided, and the pharmacist took part in informing the patient about the new drug. At discharge the pharmacist evaluated the medication report, written by the physician, according to a specific scheme so that information on all changes in drug therapy together with a correct drug chart was included.
Measures
The MAI-scores were systematically determined by the pharmacists at admission, discharge and 2 weeks after discharge (by contact over the telephone) according to the specific instructions for MAI [11] . First, one of two pharmacists determined MAI-scores for each patient. One of the pharmacists decided on one third of the MAI-classifications, and the other pharmacist was responsible for two-thirds of the classifications. Then both pharmacists went through all MAIscores together to reach consensus. This method of rating MAI-scores has been used elsewhere [21] . Inappropriate medicines were then grouped into different therapeutic classes according to the Anatomic Therapeutic Chemical Classification System published by World Health Organization [22] . Figure 1 describes how MAI-scores and the number of drugs with at least one inappropriate rating were compared between the groups.
Data analyses
Computer software R version 2.5.1 (R Foundation for Statistical Computing, Vienna, Austria) was used for all statistical analyses. When comparing MAI-score per drug at admission, discharge and 2 weeks after discharge, an average MAI-score per drug per patient was used. The Wilcoxon Mann-Whitney Rank Sum Test was used for analyses on MAI-scores. When analysing number of drugs with (and without) inappropriate ratings, the Poisson regression test was used. The R COIN procedure (Asymptotic Linear by-Linear Association Test) was used to compare changes in the number of drugs with at least one inappropriate rating per patient between admission, discharge and 2 weeks after discharge. Data analyses were performed as 'intention-totreat' analyses, and Last Observation Carried Forward was used for missing observations.
Results
Patients in the control group were slightly older and had more drugs on average than patients in the intervention group, as seen in Table 1 . During the hospital stay one patient in the control group and four patients in the intervention group were lost because of death or change of clinic. From discharge to the follow-up, one additional patient per group dropped out. For the intervention group, there was a decrease in the mean (SD) MAI-score per patient from 11.5 (12.4) at admission to 6.36 (10.3) at discharge and 6.79 (9.95), 2 weeks after discharge. Corresponding data for the control group were 18.8 (12.9), 17.5 (15.0) and 18.3 (14.0). Patients in the control group had significantly higher MAI than the intervention group at admission (P = 0.009), at discharge (P = 0.0002) and at 2-week follow-up (P = 0.0004). There were no significant differences in the change in mean MAI-score between the groups during the hospital stay (P = 0.085) or during the period from admission to 2 weeks after discharge (P = 0.087).
Medication Appropriateness Index-score per drug
There was a decrease in MAI-score per drug for the intervention group, from 1.21 (1.04) at admission to 0.67 (0.81) at discharge and 0.72 (0.78) 2 weeks after discharge. Corresponding data for the control group were 1.90 (0.76), 1.66 (1.15) and 1.66 (1.10). Patients in the control group had significantly higher mean MAI per drug per patient (P = 0.002) at admission than patients in the intervention group. At discharge and 2-week follow-up, patients in the intervention group had lower mean MAI per drug per patient, P = 0.0005 and P = 0.0008 respectively. There were no differences in the change in mean MAI-score between the groups during hospital stay (P = 0.335) or from admission to 2 weeks after discharge (P = 0.326).
Number of drugs with at least one inappropriate rating
In addition to MAI-scores per patient and per drug, we were interested in the number of drugs with at least one inappropriate rating. The control group had significantly more drugs with at least one inappropriate rating at admission compared with the intervention group (P = 0.014). A significant difference at discharge was also seen, and the intervention group had fewer drugs with at least one inappropriate rating (P = 0.000003). Two weeks after discharge, the difference remained (P = 0.000006). Figure 2 shows the number of drugs with at lest one inappropriate rating at admission, discharge and 2 weeks after discharge for all patients in the control group and in the intervention group. There was also a difference between the groups in the number of drugs without inappropriate ratings at discharge (P = 0.049) and 2 weeks after discharge (P = 0.031), where the intervention group had more drugs without inappropriate ratings. This difference was not seen at admission. No differences in total number of drugs were seen at any time.
We used Poisson regression to analyse what affected the number of drugs with at least one inappropriate rating at discharge and found that it was dependent on number of drugs with inappropriate ratings at admission and whether the patient was in the control group or the intervention group. We were also interested in how the number of drugs with at least one inappropriate rating per patient changed from admission to discharge. This was performed using the Asymptotic Linear-by-Linear Association Test. As shown in Table 2 there were significantly more patients in the intervention group with no change or decrease in the number of drugs with inappropriate ratings than in the control group. This was also seen when analysing data like per protocol P = 0.032. Changes in the number of drugs without inappropriate ratings and the total number of drugs were not significant. However, when comparing the change in the number of drugs with at least one inappropriate rating in the control group with the change in the intervention group, there was no significant difference between the groups. On individual level there was a spread from increase of four drugs with at least one inappropriate rating to decrease with seven drugs with at lest one inappropriate rating during the hospital stay. Figure 3 illustrates the change in the number of drugs with at least one inappropriate rating and the number of patients for each level. Figure 2 The number of drugs with at least one inappropriate rating at admission, discharge and 2 weeks after discharge shown for each patient in the control group and the intervention group. The number of drugs with at least one inappropriate rating are shown for each patient in both groups (control group n = 25, intervention group n = 28). Some patients have the same number of drugs with at least one inappropriate rating; therefore the number of lines is not equal to the number of patients in each group.
Medication Appropriateness Index-dimensions with inappropriate ratings
Some of the MAI-dimensions received more inappropriate ratings than other as shown in Table 3 . Our intention was to show results as intention to treat; however, Table 3 shows per protocol data. As drug therapy changes during hospital stay, it is difficult to decide on a value for the drug at admission when the therapy started during hospital stay. We therefore examined drugs at admission and drugs at discharge. The dimensions with most inappropriate ratings were indication, duration and expense. A similar pattern was seen for patients with at least one inappropriate rating per MAI-dimension. Table 4 shows the percentage of the patients with at least one inappropriate rating for each dimension. The dimensions with most inappropriate ratings were indication, duration and expense for the control group. In the intervention group drug-disease interaction was as frequent in inappropriate ratings as the other three. At admission, 96% of the patients in the control group and 86% of the patients in the intervention group had at least one drug with an inappropriate rating. Some medication classes were more frequently than others involved inappropriate ratings. To describe the most hazardous medication classes per MAI-dimension, the drugs involved in inappropriate ratings at admission in the control group and in the intervention group are summarized in Table 5 . Psycholeptics were involved in inappropriate ratings for several dimensions, and among them it was mostly anxiolytics, hypnotics and sedatives that were used inappropriately.
Discussion
The patients in the intervention group significantly improved their MAI-scores and their number of drugs with inappropriate ratings. This was not seen in the control group. We believe that the improvement in the intervention group was due to our intervention based on an integrated medicines management approach with a process and focus for identification, resolution and prevention of DRPs. Other studies have also shown decrease in MAI-scores after interventions based on pharmaceutical care [13, [23] [24] [25] .
The first studies on MAI-scores used summarized scores (MAI-score per patient and MAI-score per drug) to compare the appropriateness in drug treatment. During our study period, other articles were published looking at the number of drugs with at least one inappropriate rating per patient. We found this to be more accurate in describing use of inappropriate drugs as the correctness in summating ordinal data and then using the summa score as if it is at continuous variable is questionable. Therefore we included the number of drugs with at least one inappropriate rating in our analysis, either a drug is inappropriate or it is not. MAIdimensions with the most inappropriate ratings were found to be indication, duration and expense (when indication receives an inappropriate rating, duration, and expense also automatically receives inappropriate ratings). This is similar to the results seen in a Danish study [26] . Other studies have shown these dimensions to be correct directions, practical directions and expense [27] . When developing the MAI, indication and effectiveness were the dimensions considered to be most important [12] . We found great room for improvement in drug therapy as most patients received at least one drug with inappropriate ratings (at admission, 96% of the control group and 86% of the intervention group had at least one drug with inappropriate ratings). This was also found elsewhere [9, 26, 27] .
The advantage of MAI is that it combines implicit (judgement based) and explicit (criterion-based) criteria. Many indexes only use explicit criteria (i.e. Beers' criteria [28] ) and do not take into account factors for the individual patient. In MAI implicit criteria give a more accurate opinion of the drug's appropriateness in the individual. The quality indicators from the Swedish National Board of Health and Welfare only use explicit criteria [29] . On the other hand, MAI is time consuming, and the raters spend approximately 10 minutes evaluating the appropriateness of each drug [11] . Another disadvantage of MAI is that it does not assess underprescribing, so it must be combined with other tools in order to provide the patient with a complete drug therapy.
High MAI-scores has been shown to relate to hospital admission and unscheduled ambulatory or emergency care visits [30] . An increase in MAI-scores was related to more emergency department visits and hospital readmissions [31] . However, a recent review article showed mixed and contradictory evidence regarding inappropriate prescribing and adverse patient outcomes (mortality, use of health care services, adverse drug events and quality of life) [32] . Therefore it is difficult to know the impact of the decrease in the number of drugs on health outcomes.
This kind of systematic approach on drug therapy resulted in a significantly more appropriate drug use in the elderly. As the elderly use many drugs and are more sensitive to side effects, a more appropriate drug treatment could be of great importance for their well-being.
Limitations of the study
The study is not a randomized study. We could not randomize per patient as the intervention was a systematic team approach. Neither could we have a control ward at the clinic as the staff was not permanent in one ward and also as the funding was for service at all wards at the clinic. Using another department of internal medicine as control was not an alternative because of lack of resources and problems with heterogeneity and limitations in the statistical comparisons because of few clusters. Instead, we used a control group where patients were included prior to the interventions in order to have a group to compare the intervention group with. There have been no changes in organization, staffing or routines during the study period that can explain the positive outcomes from the study.
The intervention group and the control group differed at admission, as the control group had a more inappropriate drug treatment, according to the MAI. This could have led us to underestimate the effect of our interventions as the room for improvement was smaller in the intervention group than in the control group.
Future needs
There is a need for studies on cost-effectiveness and effects on patient's quality of life. The intervention that is described in this study could be more thoroughly evaluated in a qualitative study. There is also a need for studies that compare different kinds of interventions in this field.
